Soft-shell crab is considered a gastronomic delicacy, reaching high values in the 15 international market. The process of hardening of the crab's exoskeleton after 16 moulting takes approximately two days to complete; however, the duration for which 17 the shell remains at the consistency of high commercial value is only 3 hours on 18 average. After this period, the shell assumes a consistency classified as "paper", 19 later becoming "hard" again. The goal of this work was to evaluate the use of the 20 crabs themselves to alter the chemical characteristics of the water and thereby 21 increase the amount of time during which they can be marketed as "soft-shell crab". 22
Introduction 34
Callinectes ornatus Ordway, 1863 (Crustacea, Decapoda, Portunidae) is a 35 swimmer crab found from North Carolina (USA) to the Rio Grande do Sul (Brazil) The animals were subdivided into 3 groups: B1, pre-ecdysis animals (n = 83); 140 B2, pre-ecdysis animals (n = 40); and BC, control inter-ecdysis animals (n = 52). In 141 addition, three tanks containing water only were maintained throughout the 142 experimental period (12 days) for comparison of physical and chemical water 143 variables between these tanks and the 3 treatment groups. There was no water 144 renewal during the experiment. 145
The animals in the B2 group were housed in the same tanks used to house 146 group B1 and maintained in the same water used for group B1. 
Experimental Procedures 160
During the experiments, the crabs were monitored every three hours on the 161 first four days, every six hours on the following five days, and every 12 hours on the 162 last three days of experimentation, preferably between 18:00 and 06:00 h. These 163 times were selected based on the results of the pilot experiments. 164
Monitoring consisted of identifying animals undergoing the moulting process, 165 removing any moulted exoskeletons (to prevent the animals from obtaining calcium 166 by feeding on them), evaluating the consistency of the carapace of those animals 167 that had moulted, and removing any dead animals. Evaluating the consistency of the 168 exoskeleton was performed by pressing the carapace with an index finger. Sufficient 169 pressure was applied to deform the carapace but not injure the animal or break the 170 carapace when rigid. Based on the resistance to pressure and texture of the 171 exoskeleton, its consistency (Co) was classified by the evaluator as follows: hard -172 before ecdysis (1), soft (2), leather (3), soft paper (4), hard (5) or hard paper -after 173 ecdysis (6). To reduce and standardise the error, a single evaluator performed the 174 consistency assessments in both experiments. 175
Water analysis 176
In both experiments, salinity (refractometer; Instrutemp, Brazil), temperature 177 Cl -were performed using colourimetry (Labtest®, Brazil) at a wavelength of 540 nm 190 and 470 nm, respectively (SpectraMax® m2, USA), according to the method 191 described by Clarke (1950) . 192
Statistical analyses 193
The survival of the animals during the experiments was analysed through 194
Kaplan-Meier curves. The data were grouped by treatment (groups), and the 195 normality of the distribution of each variable was tested by using Shapiro-Wilk test. 196
Where the normality hypothesis was rejected, non-parametric Mann-Whitney or 197
Kruskal-Wallis tests were used. 
Results

213
Ecdysis 214
Significant effects of sex on survival rate, ecdysis, or exoskeleton post-ecdysis 215 hardening time were not observed. Therefore, the data from males and females were 216 pooled. In addition, water temperature (27.0 ± 1.1 ° C), salinity (31.0 ± 2.1 ups) and 217 dissolved oxygen concentration (5.0 ± 0.52 mg/L) remained largely stable and did not 218 significantly influence any of the dependent variables. 219
The moulting rate of the animals in pre-ecdysis at the beginning of the 220 experiments ranged from 40 to 95%. Most moulting events occurred during the night, 221 and 50% of the animals moulted between 52 and 80 hours after the beginning of the 222 experiments. There was a significant effect of moulting on final mortality rate and on 223 survival time after ecdysis (Table 2) . 224 
235
Physical and chemical water parameters 236
In Experiment 1, the total ammonia (NH3+NH₄⁺) concentrations remained 237 below the limit of analytical detection, and the median pH was 8.5, with variation 238 between 8.1 and 8.5. The remaining physical and chemical parameters were 239 relatively stable throughout the experimental period (Table 3) . 240 
In Experiment 2, only potassium and sodium concentrations presented 244 differences between the groups B1 and B2. There was a reduction in pH and 245 increases in total ammonia and nitrite concentrations in the experimental treatments 246 (pre-ecdysis organisms, B1 and B2) in relation to the control (BA, tanks containing 247 water only). The variables monitored in the BC tanks (inter-ecdysis organisms) 248
presented intermediate values relative to the other groups (Table 4) . 249 
255
Influence of the physical and chemical water parameters on the 256 survival and moulting of C. ornatus 257
As expected, crab survival time was influenced by moulting regardless of the 258 experiment. The organisms of group B1 that underwent moult in the first 36 h showed 259 rapid exoskeleton hardening and low mortality rates. Therefore, the B1 data were 260 divided into two categories: M1, animals that moulted within the first 36 h, and M2, 261 those that moulted after 36 h. The survival of M1 animals was strongly influenced by 262 pH and total ammonia and nitrite concentrations, whereas the survival of the M2 263 animals was moderately influenced by the same variables. 264 Table 5 shows the multiple linear regression results. Crab survival rate was 265 significantly influenced by pH, nitrite and total ammonia in all of the experiments. The 266 remaining parameters had no significant influence (p < 0.05) on the crab survival 267 time. 268
As expected, crab survival time was influenced by moulting regardless of the 269 experiment. The organisms of group B1 that underwent moult in the first 36 h showed 270 rapid exoskeleton hardening and low mortality rates. Therefore, the B1 data were 271 divided into two categories: M1, animals that moulted within the first 36 h, and M2, 272
those that moulted after 36 h. The survival of M1 animals was strongly influenced by 273 pH and total ammonia and nitrite concentrations, whereas the survival of the M2 274 animals was moderately influenced by the same variables. 275 
283
The results of the multiple linear regression analysis of the effects of the 284 physical and chemical parameters on the time until either the shells fully hardened 285 (reached Co 6) or death are presented in Table 6 . In Experiment 1, only pH had an 286 influence (weak) on the results. In experiment 2, pH, ammonia and nitrite had 287 moderate influences on the results. 288 
294
The duration at which the shell was at consistency 2 (i.e., the consistency with 295 the highest market value) was significantly higher in the M2 animals than in the M1 296 animals. Furthermore, none of the M2 individuals that moulted after 36 h achieved 297
Co 6 (hard) shells, whereas in the M1 group, more than half of the individuals had 298 shells that reached this consistency. In addition, 68% of individuals with shells that 299 hardened remain alive. Among those that did not achieve shell hardening, the 300 survival rate was only 15% (Table 7) . 301 308 Table 8 shows the median, minimum and maximum values of the physical and 309 chemical parameters of water quality that most influenced crab survival time and 310 exoskeleton consistency: pH, ammonia and nitrite. The duration at each level of 311 consistency was highly related to the pH and concentration of total ammonia at the 312 time of moulting. When the levels of the physical and chemical parameters favoured 313 hardening, the time until the organisms reached Co 4 (soft paper) was short 314 (between two and four hours). In contrast, when the pH was below 7.3 and the total 315 ammonia concentration remained above 6 mg/L, the median time to Co 4 was 60 h. 316
When water renewal was not performed (Experiment 2), the pH and total 317 ammonia and nitrite concentrations varied significantly (Figure 2) . As a result, there 318 was an increase in the carapace hardening time and a decrease in the number of 319 individuals reaching Co 6. The crabs of Experiment 1 (A1) and the animals that 320 moulted within the first 36 hours of Experiment 2 (M1) spent significantly less time at 321
Co 2 and Co 3 than did those that moulted after the first 36 hours (M2) in group B1 322 and those in group B2. 323 In addition to Ca 2+ and Mg 2+ concentrations, the concentrations of Na + and K + 408 were monitored in this study. These two ions directly participate in important 409 enzymatic activities that occur post-ecdysis (Towle and Mangum, 1985) . and Wheatly, 1993). However, were observed no significant effects of these ions in 414 our experiments. It is possible that" the factors described above were much more 415 important in influencing exoskeleton hardening and the probability of survival in C. 416
ornatus. 417
There was also a direct relationship between the time to exoskeleton 418 hardening and the mortality rate. However, the mortality rate was only 25% among 419 those crabs that moulted after approximately 60 h. Those that did not moult died or 420 remained alive until the end of the experiment. In addition, in all of the groups except 421 those receiving periodic water renewal, there was an increase in mortality in the post-422 ecdysis phase. In this case, the analyses again indicated the influences of pH and 423 total ammonia. 424
It is known that crabs (notably C. sapidus, the most studied species of the 425 genus Callinectes) can tolerate a pH range of 6.5 to 8.5 (Hochheimer, 1988) . 426
Nevertheless, in artificial environments, it is recommended that pH be maintained 427 between 7.0 and 8.0 (Oesterling, 1995) . It is also known that there are behavioural 428 and tolerance differences between young and adult animals in relation to pH 429 In contrast, Manthe et al. (1984) found that the moulting efficiency of C. sapidus was 448 affected by nitrite concentrations close to 2 mg/L. In the present study, the nitrite 449 concentration reached 7.6 mg/L. Thus, it is possible that the observed mortality might 450 have been influenced by both pH and nitrite levels during the experiments and that 451 they had a cumulative effect. Moreover, a long hardening time, which exposed the 452 animals to unfavourable physiological conditions, appears to have significantly 453 increased the risk of death. 454
Conclusion 455
Moulting in C. ornatus exhibited strong relationships with the characteristics of 456 the crab's aquatic medium. The crabs drastically altered the physical and chemical 457 characteristics of the water, mainly through processes related to acidification and 458 ammonification. These alterations, in turn, directly interfered with exoskeleton 459 hardening, causing the exoskeletons of the animals to remain at soft or paper 460 consistency for periods of up to 5 days. Commercially, the establishment of such 461
